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(== Orbit Feedback & Stability

‘ INTRODUCTION '

Table 1: Typical stability requirements for selected measu
ment parameters common to a majority of experiments (Cswurte
R. Hettel)

Measurement parameter Stability requirement

Intensity variationA7 /1 <0.1 % of normalized
Position and angle accuracy <1 % of beamr ando’
Energy resolutiom\FE /E <0.01 %
Timing jitter <10 % of criticalt scale
Data acquisition rate ~10~3-10° Hz
Stability period 10—2(3)-10° sec

= Stabilization of the electron beam in its 6D phase space to
meet stability requirements for the photon beam parameters
Effect of photon beam instability on flux depends on the time
scale of the fluctuationr, relative to the detector sampling
; and data integration times .
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(==L Orbit Feedback & Stability S

‘ INTRODUCTION I

Since most 3rd generation light sources feature:

e low beta (=1 m) straights (SOLEIL: ~1.8 m) in order to allow for
e low gap (<10 mm) insertion devices (IDs(SOLEIL: U20: 5.5-70 mm
and operate at:
e small emittance coupling<1% (SLS: <3 pm-rad/5.5 nm-rad=0.06%) with

e horizontal design emittances of just a few €10 nm-rad)
(SOLEIL: 3.73 nmrad @ 2.75 GeY

the requirements compiled in Table 1 lead to:

e sub-micron tolerances for the verticalpositional and angular stability of the
electron beam @ the ID source point®ver a large frequency rangef:
10-°-10%*3) Hz (timescale: msecs - hours/days):

® 0. <1lpm (SOLEIL: <0.8um) ando’ , <1urad (SOLEIL: <0.5urad)

& CAS Intermediate Level 03/10/09 /
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‘ NOISE SOURCES'

Ground vibration induced by human activities, mechanieaices like com-
pressors and cranes or external sources like road traffienpatly atten-
uated by concrete slabs, amplified by girder resonances patiak fre-
guency dependent orbit responses, ID changes (fast patianzswitching
IDs <100 Hz), cooling water circuits, power supply (PS) noisectlcal
stray fields, booster operation, slow changes of ID settittigp-up” injec-
tion. Sources of beam motion associated with synchrotron osoilig and
single- and coupled bunch instabilities are not considered

e Shortterm (<1 hour):

Medium term (<1 week):

Movement of the vacuum chamber (or even magnets) due to esBanfghe
synchrotron radiation induced heat load especially in g@gabeam opera-
tion, water cooling, tunnel and hall temperature variagiotiay/night varia-
tions, gravitational sun/moon earth tide cycle.

Long term (>1 week):
Ground settlement and seasonal effects (temperaturefaifimesulting in

alignment changes of accelerator components includirtipggrand magnets.

L CAS Intermediate Level 03/10/09
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‘ SHORT TERM STABILITY - Ground Motion .
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SHORT TERM STABILITY - Girder Design (SLS I
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SHORT TERM STABILITY (SLS I

Power spectral density of vertical vibrations
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SHORT TERM STABILITY (SLS I

(S. Redael
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‘ SHORT TERM STABILITY (SOLEID I

L'ORME des MERISIERS - Niveaux créte-créte de déplacement vibratoire vertical en surface O rb it Am pl . ACU Ay
o lMardi 13/06/00 . Mercredi 14/06/00 _— - : Jeudi 15/06/00 ] vendredi 16/06/00 - -
‘day/night variations ~ {iiii] i " Without girders | 30 | 10
NHoo oo tc 860|800 0500 AEHORG b T 10"
| Sourtesy A. Nadj With girders 16 | 3
Reduction 1.9 | 3.3
Careful girder design
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e 4 supports in upper part of girder

e Norc’ed girder movers£ SLS
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Vertical day/night variations and grounibration spec-
trum (=1-100 Hz)= planar wave @ 2.5 Hz with am-
plitude 800 nm peak-to-peak ! =
Reason trucks withsuspension resonance frequencies Eigenmodes| 1st ‘ 2nd | 3rd
of ~2.5 Hz (close to typical frequency of the ground) on f[HZz] | 46.8 ‘ 47 | 54
nearby roads going typically @ 60 km/Bx(repair of the =- No amplification of planar wave !

paving). J.M. Filhol /
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SHORT TERM STABILITY j

ables: Gap, Shift m06-0.8

This suggests that proper mechanical design can as-
sure short term orbit stability on the micron or even

sub-micron level Thus theoperation of the installed

IDs becomes the dominant contribution to the short
term noise Since most of the disturbances are of sys |
tematic nature and therefore reproduciliesd-forward
correction tables can help to minimize the perturba-
tion. _
Nevertheless the remaining noise is significant and ™
needs to be attenuated by orbit feedback systems fea- "]« T creneevs tndularShi

T T T T T T T T T T T
25 20 -15  -10 -5 0 5 10 15 20 25

turing large correction bandwidths >100 Hz ! ndatr St
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SOLEIL Control
System
(“Public™ network)

Fast Feedback

dedicated Gbit link
(“Private” network)

D.Bulfone

Orbit feedbacks can be divided in two classes:

LG BPM#2

e Global feedbackscompensate for pertur- ,‘f

SHORT TERM STABILITY - Orbit Feedbacks'

, A
\ »~  J.C.Denard

Network redundancy

bations generated by all IDs based on

Corrector
Power Supplies

global orbit and/or photon beam positions by

(H,.Vs)

Front -End

means of global correction.

Digital Receiver

e Local feedbackscompensate for perturba-

PC-RTLinux

Pentek 4284 C40

tions generated by individual IDs based on

Pentek 6102 D/A

local orbit and/or photon beam positions by —

Filtro condizionamento

Bridge SwiftNet

means of local correction in the vicinity of
the IDs.

& CAS Intermediate Level 03/10/09
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VME Crate

—> THPLTO053

TARGET = 122"
Ifb_start:
1fb_pid(3.0.01.10):
1b_closepid(1000):
b_load:

b_fhtall:

Ib_openpid:
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‘ SHORT TERM STABILITY - BBA/Golden Orbit .

Beam-based alignment (BBA) techniques to find

1.

[N)

alter focusing of individual quadrupoles, resulting RMS orbit change

10

is proportional to initial orbit excursion at location of quadrupole. §;
BBA offset = convolution of mechanical and electronical properties of BPM g
RMS offset even for well aligned machines >100 pum!
DC RMS corrector strength reduced when correcting to BBA orbit !

& CAS Intermediate Level 03/10/09
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SHORT TERM STABILITY - How is the position of BPMs measured

0.014

quadrupole ARIDI-BPM-07ME——

T T
fit(offset = 47.5 +- 0.5um) ——
BPM 0.012 - .
beam with bump

beam = £ 001 % <—— local bump scan ———
7777777777777 £ o008 |
,,,,,,,,,,,,,,,,,,,,,, } Ybpm y ; /
Yq™ Yopm q S 0.006 - .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2
S o000 b BPM offset
% 47.5um

0.002 | i
0 1 | 1

-04 -03 -02 -01 0 0.1 0.2 0.3 0.4
prm [mm]

The so-called “Beam-Based Alignment” (BBA) (with respexuadrupoles) technique is based on the fac
that if the strength of a single quadrupal@n the ring is changed, the resulting difference in the aliosebit
Avy(s) is proportional to the original offsef, of the beam ag:

Ay (s) — (k(s) + Ak(s)) Ay(s) = Ak(s)yq(s).

The difference orbit is thus given by the closed orbit foranfdr a single kick, but calculated with the
perturbed optics includingzk(s). From the measured difference orbit the kick and thggan be easily
determined and compared to the nominal oglgls,,, in the BPM adjacent to the quadrupole, yielding the
offset between BPM and quadrupole axis. The error of thetiposy; .., Is given by the resolution of the
BPM system (Method can also be applied to sextupoles).

L CAS Intermediate Level 03/10/09 J
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SHORT TERM STABILITY - Beam-Based Alignment (BBA) MeasurementsSLS

horizontal BBA 29-38/16706 —B— ! ! ! vertical BBA 29-38/18788 —E—

8,86 +-8,8% .06 +=0_085

8,04 8.64
= _ ]
f .02 - @ o 1 E g2} % % _
E @ *lf . f E § # H September |W| October
':: | Lm0 @ L i g “' @ ﬁ
£ -ﬁmﬁ ﬁ‘fm hﬁ Wﬁ “# g ° mﬁpﬁ* mm § ﬁ ﬁ @ i”@@ﬁﬂ%
E -a.82 - . % ﬁ o E =
s . 8 § ; E 8,82 [ |E

2] 58 1ea 158 200 250 a 180 158 200 258

s [nl s [nl

Absolute Vertical ve. Horizental BBR Heacurements 30/16/68 —— | Changes of BBA constants after 2 months of operation and
; ' : 2 weeks of shutdown ( changes stay within a +-50 um band)

i 1 Absolute BBA constants which feature offsets of more than

750 um !

These large offsets are of electronical origin and
mechanical origin (vacuum chambers are floating
with respect to the quadrupole centers).

-8.5

Absolute Vertical BPH 0ffset 38/18/2888 [nnl
-]

How to destinguish between the two contribution ?

-i1 -BI.5 IB B‘.5 I:I.
Absolute Horitzontal BPH Offset 38/10/2008 [nnl j
S~ CAS Intermediate Level 03/10/09
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BBA dx/dy histograms for the SLS
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SHORT TERM STABILITY - Comparing BBA with Mechanical Meas. (SLS

BPM horizental offsets X0
and measured displacement delta X
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‘ SHORT TERM STABILITY - Corrector / BPM Response Matrices(SLS I

73 vem

Ayj = VPiBi g (v — |di — ¢j]

2 sin v

e “Response Matrix": Differences from the “Closed Orbit” (ifizrence Orbit”) due to a kick of
corrector; are recorded @ PM positions; = 1..73.

e v, =20.44 &3 BPMs/Correctors per unit phasg— fOS 1/3(s)ds)
e v, =8.74 &9 BPMs/correctors per unit phase)

& CAS Intermediate Level 03/10/09 /
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‘ SHORT TERM STABILITY -How is a Closed Orbit corrected ?.

Sliding Bump - Phase advances betweg€arrectorsd® < A¢ < 180°, Correctors 1,2,allow to zero
the orbit inBPM 2nearCorrector 2 1 opens “Orbit Bump”2 provides kick for3 to close it again.
Continue (“Slide”) with2,3,4to zero orbit inBPM 3... iterate until orbit is minimized in aBPMs!

Corrector BPM AD< 180 deg
L3
WHW
2 3 4
1
g
Orbit Bump

MICADO - Finds a set of “Most Effective Correctors”, which minimitee RMS orbit in alBPMsat
a minimum (“most effective”) RM& orrectorkick by means of the SIMPLEX algorithm. The number
of Correctorg= iterations) is selectable.

Singular Value Decomposition (SVD) Decomposes the “Response Matrix”

Aij = ;fgi{/ cos [tv — |¢; — ¢;|] containing the orbit “response” ilBPM i to a change of
Corrector jinto matricesU, W,V with A = U « W = V1. W is a diagonal matrix containing the
sorted Eigenvalues od. The “inverse” correction matrix is given b=t =V « 1 /W = UL

SVD makes the other presented schemes obsolete !-)

CAS Intermediate Level 03/10/09 . - J
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‘ SHORT TERM STABILITY -Whatis SVD doing ?I

73 monitors / 73 correctors

Monitors Correctors Correctors Monitors
A=U*W* V
=V*1/W* U
=> Minimization of the RMS orbit (=0 in case of "Matrix Inversion" using all Eigenvalues)
73 monitors / 36 correctors
73

II .

=> Minimization of the RMS orbit (monitor averaging)

k CAS Intermediate Level 03/10,/09 /
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‘ SHORT TERM STABILITY - Inverse Corrector / BPM Response MatricegSLY I

73 hcm

73 vem

vem index

A;jl = (V*1/WxUT),;

° A,L._jl is a sparsetfidiagonal’ matrix (3 large (+1 small) adjacent coefficients are nonz@nce BPM
and Corrector positions are slightly different)
=-“Sliding Bump Scheme” iteratively invertd

° A,,;_j1 containgglobal information although it is atfidiagonal’ matrix !
= Implementation of a Fast Orbit Feedbaé&lOFB)

& CAS Intermediate Level 03/10/09 /
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SHORT TERM STABILITY - SVD EigenvaluesSLS I

~

1000

T T T T T I)
: : : | ; wh
; ; ; : : horbit -------
: : : : : WV -
\ : : : : : vorbit
100 | e s R R .
- | | | | |
3 KX f f f f f
g ooder, | | | | |
2 ; ek : : : : :
"85 ] | {oxx %*iﬁ | | ] ]
: - ; : : :
T | DR e T N o |
= N ; ; ; ;
o i\*\ % H H H ! H
é ; & } } } }
E 0.1 e \\\\ : g : : :
= P ‘ @ i i
| e | 2 |
| B =X | |
| : | : F D N e
K i
‘ ¥
0001 1 1 1 1 1 1
10 20 30 50 60 70 80

Range of Eigenvalugs.5 < W < 500

Eigenvalue Cutoff @q (W; = 0 for ¢« > ig) determines the minimum achievable RMS Orbit and
Corrector Strength after Correctiesr “MICADO?” like: the largest Eigenvalues correspond to the

“Most Effective Corrector” patterns

No Cutoff corresponds to “Matrix Inversion”. The RMS Orbfter Correction is Zero !

CAS Intermediate Level 03/10/09
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SHORT TERM STABILITY - Closed Orbit after Correction (SLS I

S 1 =] 3
AR Rl Al d e Rl i Rl B B R BB A EE B HE |
E 22222 2% 2EECEE EEEECE EE ST EE2E @ E e 22T g g Y a3 o@ A9 3
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm z
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
T T M M O 5
L g
)
E 3
e

T
10

phase*2pi [rad]

Vaveform Index [ |°-“°— Mean: —0.000 nm Sdev: 0.001 ym Nux: 20.420 Print

.}

7

r

| |
[T
F

phase*2pi [vad]

Vet T mﬁ.@ 0.4 Mean: 0.000 mn Sdev: 0.002 mn Noy: 8.170 Print

e Closed Orbit after correction deviates by,,s = yrms ~1 um from the so-calledGolden Orbit”,
which contains some extra steering for the IBsNo Cutoff).

e At SLS corrector values are at RMS valuesofl40urad (1.3 A)and~ 130 urad (1.2 A)

& CAS Intermediate Level 03/10/09
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SHORT TERM STABILITY - Vertical Corrector Pattern after Correction (SLS

A9TE Y W oemEs 2 2 fERad o4 amda A DAASTE e B anzea 2P 4 eusyAg 459008 RevnEred 2 rITe R o9 ownodA
oo O 00 DO O O OO OO O o i o o e L i L biu u W LoD Lol LD C= C=C= C=0= = 00 0000 0000 OO o o en o oo oo O ™ M T o4 CUCd S0l
DogeE g g EEEgn g 8 Emsnd o EEEEE g meEE O ERER e S EEEE E @ @dEn g ZEmagd ©s8Es 8§ o mnen o o ddai o
P REREF B OB OBRER & R = B FREER R B REER R T REF REF B R OBR BRI T RRREF B R h L & L
EEERED £ o tobo b o OoRE B B BDBE B EEREEEE EPEEEE FEEEEE ERBEEE B EEERE E EBEbr &z EibEE B £ BrER B
I | I I I | I | I I | I I I I | I I I | | I | | I I | I I | I O | I I O | I I I |
] Vertical Orbit
0.0005 . G
i Girder n+1 B -ET BX_10: 48 um BX12:83 um
Girder-n
-
7 A R MInE | |
- i | | G | | ||| I I 1 | 1 || |
. 5995 . BX _09: 71 um BX_11: 95 um
BX 01: 102 um

BX_05:95 um

Corrector Pattern can be used to determine alignment gepido Cutoff).
Prominent girder-girder alignment errors related to laaairector patterns (circles).
Girder-girder errors introduce mechanical steps drivimg adjacent correctors.

Leads to saturation of correctors in machines with larggnatient errors-6&-Eigenvalue Cutoff =

“Long Range Correction”).

Without Cutoff the corrector display (corrector space)fismch more interest than the orbit display
which shows mainly the residual BPM noise with respect td‘aden Orbit” !

CAS Intermediate Level 03/10/09
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‘ SHORT TERM STABILITY - How to correct Off-Energy Orbits ? I

fE S8R S5 ARREESERSSESEEESRSEESEESRLEESEESREEREESSERSEE SRS
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

= closed orbit
| for p=po

U.Z—:
- ] \ I3 #
£ ] > ;
P 0 . i o Z, i
2 ] - ~ ”
-u.z{ M = L4 \I
] -I ciosed orbit for p>p,

"""""" x> - - . & central design orbit
phase*2pi [rad] =ClOSed orbi fnr p=p° th5}=D(S)"%§

vavetorn wdex P [N EEN T S tean: 0.3Mam  sdevi 0.067wm Nox: 20.420  |Brint

e In the case of “strong focussing” (b) the Orbit Deviation @edtions is given by
xo(s) = D(s)Ap/po with Ap = p — pg, D(s) denotes the Dispersiod\L /Ly = a.Ap/pg with
the so-called “Momentum Compaction Facter; = 1/Lg fOLO D(s)/p(s)ds (~ 6-10~* atthe
SLS)

e p variations due to “Path LengthA L./ Lo (thermal or modelling effects) changes have to be correcte

by means of the RF Frequengywith Af/f = —a.Ap/po and NOT by the Orbit Correctors (Note:
in the case of a lowe. optics with smallx. (= 4 - 1072 at the SLS) and large.> (~ 2- 1073 at

the SLS) the approximatioA f / f = —acAp/po + ac2(Ap/po)? must be used)

= Fit Ap/po part of the Orbit using SVD on a 1 column response matrix doitg dispersion value® ;g
@ the BPMs and change the RF frequency-hX f to correct forAp/po (Note: quality of fit depends

]

. strongly on sampling of dispersion patters-§harp edges preferred)) J

CAS Intermediate Level 03/10/09
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(== Orbit Feedback & Stability SIS

-

Remarks on matrix inversion:

Remarks on horizontal orbit correction:

~

SHORT TERM STABILITY - Orbit Correction Summary I

e Since modern light sources are built with very tight aligmnilerances and BPMs are well calibrated
with respect to adjacent quadrupoles, orbit correction byrixiinversion in thenxn case has become
an option since

— resulting RMS corrector strength is still moderate (typica<100 prad)
— BPMs are reliable and their noise is small (ho BPM averagingerformed which is similar to a
local feedback scenario)

e This allows to establish any desired “golden orbit” withirelimitations of the available corrector
strength and the residual corrector/BPM noisggolden orbit “equalizer” with one slider/BPM)

e Dispersion orbits due to “path length” changes (circumiess model-machine differences, rf
frequency) need to be corrected by means of the rf frequé¢ncy

e A gradual build-up of a dispersiob related corrector patterE Aj_il D; with a nonzero mean must
be avoided=- leads together with rf frequency change to a corrected atlatdifferent beam energy.

e Subtract patterrij Aj_z.lDZ- from the actual corrector settings before orbit correctioorder to
remove ambiguity (orbit correction “does not care” abouwt ithitial corrector pattern !)

J

Michael Bogem 24
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4 N

‘ SHORT TERM STABILITY - Orbit Correction Loop I

XKmean [1rad]
11 11.25 1.5 11.75 12 12.25 125 12.75 13
T T

(rate = 10 mHz, time = 2 weeks)
o
o
o

number of samples

! 1 - DS,
4 05 w -3e-05 -2e-05 -1e-05 0 1e-05 2e-05 3e-05 4e-05
dp/p and dpk/p [au]

Orbit Correction
»| based on Inverted

Response Matrix

/ ///M( 7
L CAS Intermediate Level 03/10/09 /
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SWISS LIGHT SOURCE

Orbit Feedback & Stability SIS

-

\_

In order to implement a global orbit feedback based on therdesd algorithm which stabilizes the electron
beam with respect to the established “Golden Orbit” up tquencies=100 Hz with sub-micron in-loop
stability the following is needed:

SHORT TERM STABILITY - Feedback Implementation II

BPM data acquisition rates of at leasfi-2 kHz.

Integrated BPM noise must not exceed a few hundred nanosr@ienieved with modern digital four
channel (parallel) and analog multiplexed systems).

A fast network for BPM data distribution around the ring oremtral point since ever§Zorrector jin
general depends on &PM i readings.

Since matrix multiplications with thBPM i vector can be parallelized a distribution on several CPU
units handling groups daforrector jis a natural solution.

“Inverted” matrix can be sparse depending onBi&V/Correctorlayout such that most of the
off-diagonal coefficients are zers- only subset of all BPM readings in the vicinity of the indival
correctors determines their correction values.

At the SLY 3 BPMswith adjacentCorrectorsin both planes, phase advance betw&smrectors
<180(° = inverted73x73 matrix “resembles” a correction with interleaved closedbdrobumps made
up from 3 successiveorrectors(“Sliding Bump Scheme?)

CAS Intermediate Level 03/10/09 . - J
Michael Bogem 26
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SLS™

-

~N

e Feedback loop closed with
PID controller function op-
timizing gain, bandwidth
and stability of the loop.

e Notch filters allow to add
additional ‘harmonic sup-
pressiori (D. Bulfone) of
particularly strong lines at
50/60 Hz.

Frequency Response to External Beam
Perturpations | FFB SOLEIL

. 100 Hz .
10 5248 /@
400 Hz

x1 800 Hz
3dB

10 Hz

E Simulation
101 x10

10 100 1000 J.c.Denard
Frequency in Hz

L CAS Intermediate Level 03/10/09

SHORT TERM STABILITY - Feedback Implementation Il - Loop.

©

6000H PID + notch fllter @ N T o .............. i

Sefpaini ‘;“ 8000 ‘ - ‘ - : Iff
T __-_,,q) 000 NSLS vertical i = poteh, g=100
I ) oy o ops, 66t

J VUV ring feedback 60 Hz

- -

& m

50 Hz !

Harmonic Suppressors 0 20 40 60 80 100

ELETTRA  D. Bulfone

Closed loop transfer functions at the SLS (damping up to ~100 Hz)

10 32,c
PID 12
% O odBlne N/ 100Hz T 7 0 é
';'-10 327%5
(&)
8-20 10 | 8
= £
2-30 32|
e _- i @
540~ sl R
- x100 3 3
-50 ‘ ‘ 316"
10° 10’ 10° 10°
T.Schilcher

frequency [Hz]

J

Michael Bogem 27



50

Orbit Feedback & Stability

SWISS LIG

HT SOURCE m™

SLS™

~

beam

SHORT TERM STABILITY - Feedback Implementation Il - Loop Simulation I

inverse response
matrix

injected
Slk] drive signal disturbancew D{]
corrector
current beam
position
corrector
drive q; U{] < |k:| >
H_() 2 R —(+ ) xK
10°
corrector dynamics response matrix
regulatof .
aynanics | H o @) APS Global Orbit Feedback
e e e
107
corrector N
error CE |k—l] N;
C. Schwartz, APS E
a
D
o

Simulation of the Fast Orbit Feedback loop at APS gives good ,
agreement with measurements of open and closed loop PSDs. 10

a feedback in the design phase.

Allows to change feedback parameters
touching the running feedback.

Helps to derive specifications for the various components of

in simulation without

Model fitted to measurement

e
closed-loop data

¢ | =% interp. of open-loop data
—— closed-loop model [

frequency [Hz]

L CAS Intermediate Level 03/10/09
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SSE

~

~

SHORT TERM STABILITY - Feedback Implementation IV - BPM System(SLS I

Power Level [dBm]
-80 -70 -60 -50 -40 -30 -20 -10 0

_ [ ¥ ” Only One BPM System
E 0.1 ., .' DQl | . . .
= I P 28 in Different Operation
z '_ chen-hyeturh modk | Mode for All Machines
5) — \1\. - '::o 0!!.!1'....-“\.'..".\..‘-‘.\.O. ]
0,01} ‘\wisi o ‘\:\TU - by_TU .
; ‘\.:\’\ " x i |1 MSample/s, <2@@ Ir
P— E‘:\::A‘!..,:'R_I"\.I'-'I‘-u | Closed Orbit
feedback mode \A::\AA\‘A\ . k‘A\‘ AA‘::A\ 4 Ksamplels’ <Oa m
0.001} — 1 = ~300 nm <100 Hz

ot 1 10

Turn—by-Turn:
Vital for
Commissioning

& CAS Intermediate Level 03/10/09

100 100¢
Beam Current [mA]

timing | PS . PS
signal |CTRL CTRL

A 1 ... 6
tlmln% fiber optic links to adjacent A : fib i
-1 ¢ ¢ [fiber optic
BPM signa ) iclors (40 MB/sec) L anl;
pickups
L ol | ‘ \\ / / EPICS |, o
i Jr . . —
U RF > Digital ||\ =H i PS (TCP/IP)
~o|Front > Down DSPI ferr| DSP2 SRAM CTRL | 10C 4mb
Vo, End I_ [y Converter I Interface
i I SHARC link ports ;, WS2126 i i
1 1 (40 MBisec) 1 1
VME Bus

Closed Orbit Mode —> Fast Orbit Feedback

Michael Bogem
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-

~

e Minimum correction strength defined by power supply (PS

SHORT TERM STABILITY - Feedback Implementation V - Power Supplies (Pa

ADC Resolution: @ 50 samplesfs (1V offset, 2ppm (20uV) steps)

e Eddy currents induced in the vacuum chamber should nc. omin

resolution for a strength rang&k must be within the BPM &, precision of the N —

. . . . = | AD converter card : : :
noise:typically ~10 nrad = ~18 bit (~4 ppm) resolution %« e T
for a PS with Ak 41 mrad. : - resplveis <1Epprr? steps J«*W ....... 0
. .. . . & 6 ppm ------ L 1!'1‘-: -------- -r

e PS with digital control have reached noise figures of 8 A P
<1 ppm providing kHz small-signal bandwidth = pos- s 2 it e MMJ ________ e
sibility to use the same correctors for DC and fast correctio Z | Mﬁwﬁg S T
(= SLY). ? ; Stablllty 10 ppm < 60 sec _
4EI B0 -ﬁlilne [m1|31D] 120 140 ITSm :;

ADC Long term slablllly 1000h

significantly attenuate or change the phase of the effectiv ***

I Stab|I|ty 30 ppm < 1000h

L CAS Intermediate Level 03/10/09

: L e
corrector field up to the data acquisition rate. gm Reproducability: <30 ppm ...
e Eddy currents are proportional to the thickness and efectr . [T
cal conductivity of materialss- thin laminations (<1 mm & «sm
thickness)or air coils (= SOLEIL ) should be used. P - I
- - S Gl il il FlJennietal.,
e Low conductive materials preferred for vacuum chambers £ *ef i PS|
- . e s ey S S S
Eddy currents in vacuum chambers impose the most critici = el &+ 1 i i |
. . . . ] 100 200 =l 400 . £00 B00 700 300 200 1000
bandwidth limitation on the feedback loop. Oh me]E] 1000h

J
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(== Orbit Feedback & Stability SIS

‘ SHORT TERM STABILITY - Feedback Implementation VI - PS ResolutionSLS I

Optics Code TRACY estimates Residual Vertical RMS Orbiea@rbit Correction as seen by the BPMs
(histograms for 200 seeds introducing RMS girder misaligntof 1.:m) for the SLS:

60
55
50 |
45 | — i
40 | i
35} ] i
30 | ]
25 |k oy i
20 | i ]

15 | 1 -
10 | -
5| _L 1
(] | : .

1 Yrms [uml 2 3 4

RMS Girdelr Error: 0.0dlmm | é% EEE — -

o

e 1 ppm in amplitude corresponds to a resolution of $&t a maximum Current of 7 A& 860 urad in
the vertical plane)

e 60 ppMm yrms = 0.75um, 30 ppMm yrms = 0.5um, 1 Yrms = 0.25um
= 15 ppm & 10 nrad or 10QuA) sufficient

L CAS Intermediate Level 03/10/09 J
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SLS™

~

60

number of seeds

60

number of seeds

55 -

50 -

45 -

40 F

35

30

55 -

50 -

45

40 F

35

30

SHORT TERM STABILITY - Feedback Implementation VII - Orbit @ IDs (SLS I

RMS Position @ tsertion Bevices withG, ~ 1.4m,3, ~ 0.9M (x/yrms= 0.5um for 15 ppn):

|

sm/hem 15 ppm ———
vem/hem 60 ppm - -------
vem/hem 0 ppm -------- 7]

number of seeds

60

55 |

50

45

40

35

30 [

25

20

15 |

10

,,,,,

cm/hem 15 ppm ———
vem/hem 60 ppm -------
vem/hem 0 ppm- -------- q

RMS Angle at the Insertion Devices, /., s= 0.08urad for15 ppm):

.
1.5e-06 2606

cm/hem 15 ppm ———
vem/hem 60 ppm - -------
vem/hem 0 ppm -------- 7]

number of seeds

60

55 |

50

45

40 +

35

30 [

25

20

15 |

10

cm/hem 15 ppm ———
vem/hem 60 ppm -------
vem/hem 0 ppm- -------- q

~N
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4 )

SHORT TERM STABILITY - Feedback Implementation VIII - Scheme(SLS I

& Fast Link 40Mb/s
£  Slow Link
1Mb/s

5 [J
3

Slow Link §
Response Matrix A
theoretical
or
measured

a o

o

-A—L = Submatrices of A 1
. = SVD Engine
© = Signal Processors

e DedicatedSignal ProcessomgerformMatrix Multiplications in parallel !

& CAS Intermediate Level 03/10/09 /
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‘ SHORT TERM STABILITY - Feedback Implementation IX - HW Layout (SLS I

PS PS
DBPM System FOFB System K8 -
Iffﬂmg Jiber optic links to adjacent / . _
signal sectors (40 MB/sec) .11 i/ fiber optic
BPM p = > links
pickups | - l ‘ \\ / /
v,| RF mir>| Digital ||H= sertal PS (TCP/IP)
Vo Front [T Down | EDSF . f‘ﬂfﬂ-‘fi e CTRL | 10C ‘b
Y| End ._F » Converter _ U - L 3 / \[nterface
; SHA fiC h'sv:.-‘{E POrts
! (40 MB/sec) E‘“ N l l

VME Bus
» integration of photon BPMs into FOFB (—IR beamlines)

* DSP processor: ADSP2106x  (on the market since Sep. 1994)
* DDC: Intersil HSP50214 (on the market since ~1997)

L CAS Intermediate Level 03/10/09 J
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4 | A

‘ SHORT TERM STABILITY - Feedback Implementation X - Software(SLS I
errator
Client Console -

—————————— )/— A———‘—\Event@OSHz—————————

- &8

CDEV PM 23

—— Event CORBA Server - o T

Server @ 1Hz Server S X

=

___________________________________ D
Event @ 3Hz

TRACY Feedback / _!

Server Pou Client %ﬁ ==\
FB LO

svent Model Server =

EZCA Server

LowLevel
BPMs ——» — = Comectors BPMHardware
FOFB Fast Orbit Feedback

e Development within &lient-Servei(Common Object Request BrokEORBA) environment
e Hard Correction (“Matrix Inversion” on the Model based Respe Matrix using SVD)
e BPM Datasets @ 3 Hz, average over 3 successive Datasets £ Hz correction rate (toggle between

\ x/ly plane => 2 s for full cycle) J

CAS Intermediate Level 03/10/09 - -
Michael Bogem 35
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‘ SHORT TERM STABILITY - Open/Closed Loop Transfer FunctionsSLS '
hor. open loop transfer function ver. open loop transfer function
5 : 5 :
— r_neasured | e measured
0 A~ — fit | 0 —~—— fit
g g
s 7 s 7
2 2
s-100 z-100
@ BW 1 =355 Hz < BW 1 =827 Hz
-15| BW 2 =2014 Hz -15} BW 2 =2010 Hz
-20 : -20 :
10° 10° 10" 10° 10° 10"
frequency [Hz] frequency [Hz]
10 - 3.2 “.5
~. =
m O : e ES
% 0 dB fine 0 dB point @ 100 Hz __%
—=-10 132178
B s
- 1 10 v
3 20 E
3.'30 N m 32 g_
£ - —-- horizontal ©
- Lo U : - o
 -40 .- | — vertical 100
-50 % 3167
10° 10’ 10° 10°
frequency [Hz]

& CAS Intermediate Level 03/10/09 /
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SSE

‘ SHORT TERM STABILITY -ALS .

0.4

x—error [mm]
L &
= ha

ALS

o5 C.Steier

t[s]

~

Horizontal Power Spectral Density Vertical Power Speciral Density
z =
o~ ™
E £
= =
& &
- e
X =
s )
o o
] m
= a
10° 10' 10° 10'
Frequency [Hz] Frequency [Hz]
Cumulative |PSD Cumulative |PSD
20 : 08 ,
'E15 ' Eo.e R
8 8
210 = .
=3 =
= =
2 5t 002 .
0 0
10° 10’ 10° 10'
Frequency [Hz] Frequency [Hz] .
« Beam motion with feedback in open (red) and closed

Combination of fast and slow global orbit feedbacks in both
planes — no frequency deadband

Fast Feedback currently 24 BPMs in each plane and 22
%%r‘el%t?_lrs in each plane. 1.11 kHz update rate, bandwidth
- z.

Slow Feedback 52 BPMs in each plane, 26 horizontal

correctors, 50 vertical correctors, RF frequency correction.

l1:)820u aate rate, about 60% single step gain, bandwidth
-0.1 Hz.

Slow feedback communicates with fast feedback to avoid
interference in frecf;uency overlap range. Setpoints/golden
?rbatbusekd by fast feedback is updated at rate of slow
eedback.

loop (blue).
‘Feedback is quite effective up to about 40 Hz

- Correction at low frequencies down to the BPM noise
floor (noise floor is not subtracted in above plots).

Global Feedback
1.1 KHz DC-40Hz

L CAS Intermediate Level 03/10/09
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SLS™

-

SR Facility BPM Type max. BW | Stability
ALS RF-BPMs <50 Hz <1 pm
APS RF&X-BPMs 50 Hz <1 pm
ESRF RF-BPMs 100 Hz <0.6um
NSLS RF&X-BPMs | <200 Hz 1.5um
SLS RF&X-BPMs 100 Hz <0.3um
DIAMOND RF-BPMs 150 Hz 0.2um
SOLEIL RF-BPMs 150 Hz 0.2um
SPEAR3 RF-BPMs 100 Hz <3 pm
ELETTRA RF-BPMs 100 Hz 0.2um

RF-BPMs <150 Hz <5 pm
BESSY RF-BPMs <100 Hz <1 pm
DELTA RF-BPMs <150 Hz <2 pm
SPring-8 RF-BPMs 100 Hz <1pm
APS X-BPMs 50 Hz <1pm

X-BPMs 50 Hz <1pm

BESSY

CAS Intermediate Level 03/10/09

SHORT TERM STABILITY - Feedbacks atLS Worldwide'

Compilation of
operational global,

proposed global
operational local

fast orbit feedbacks at light sources world
wide updated version V.Schlott, EPAC’'02

Not in list;
PETRA-3NSLS-II TPS...

~

Michael Bogem

38



SSSSSSSSSS

SOURCEm®

(== Orbit Feedback & Stability SIS

-

L CAS Intermediate Level 03/10/09

SHORT TERM STABILITY - Local Feedbacks

e Local fast orbit feedbacks stabilize orbit position andlarad ID centers locally without effecting the

orbit elsewhere by a superposition of symmetric and asymengbsed orbit bumps consisting of4
correctorgper plane around the ID.

e Photon BPMs (X-BPMs) which are located in the beam line ffads measuring photon beam

positions provide very precise information about orbit fuations at the ID source point at a typical

bandwidth of~2 kHz. With two X-BPMs position and angle fluctuations can be desgled.

Unfortunately the reading depends on the photon beam puarfidethus on the individual ID settings

— APS is operating X-BPM based feedbacks on their dipole and-BEPMs at fixed gap.

— BESSY has the prototype for an X-BPM based feedback on an ERPD.

— ELETTRA implemented a feedback for an electromagnetipttial wiggler (EEW) based on a
new type of digital “low gap” BPM (recently commissioned lgé fast orbit feedback).

e If several global and/or local feedbacks are operated theyaed to be decoupledEither they are
well separated in frequency which evidently leadsaorection dead bands(APS)or they runin a
cascaded master-slave configuratio(SLC,APS,ALS,SLS).

J
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‘ SHORT TERM STABILITY - ELETTR&

Spettro canale verticale - FEEDBACZK OFF LG BPM#1 LG BPM#2
0z T T T T Bending
015h- S — vy o
E o o ' ____: ______ , | - -t ™o | | (a0
e : « Four corrector magnets s ||l Cometor
______ I ower Supplies
nee local bump that corrects e
o MR the electron beam = <D
Hz position and angle at the Digil Rsiver
Spettro canala verticale - FEEDBACK OM PC-RTLimux
02 : : : : : : ID centre
D e * Closed loop in both Pk 6102 DA i
R oo T S S R et horizontal and vertical = _ iy
E X ] | ] X g 0 Bridge Swi fiNet - t-opursd
L] R R k| BER Shes SEEI SRR Pl
gl \v:m-\““‘*r.-.ai.fﬁvﬂ'w'ﬁi«‘fymwva"‘i"\"""""r"f'va.ﬂ-’mﬁi«m‘-fﬁﬂﬁ'\-“-"llﬁx'lﬂ « Beam position sampling VME Crate
0 10 20 &l 40 &0 G0 o . — ;
e rate = 8kHz
I
.-, . |
- Beam position spectra at low- & i B .
- . - C - Beam position
gap BPM #1 with local feedback g | p
b ~ - - E U 3 A L) L
off/on. The rms of the position E ! bli’lL’Llrd §PM
. : : — oLon-
signal in the 0-80 Hz range is TR pl b
. along the
reduced from 1.24 um to 0.2 pm. ; _ FeedbackON & ,
5 I corresponding
[1+] 1 1 | | 1 1 | -
Fast Local Feedbacke | ) beamdline
L _ = R A P N S S e
@ EEW (Electromagnetic Elliptical Wiggler) £ T R r
! ’ , P POSUN |
D. Bulfone % 10 20 30 40 50 &0 70 80 tal BPMs at ELETTRA
Hz /
CAS Intermediate Level 03/10/09
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SLS™

‘ MEDIUM TERM STABILITY .

In this regime high mechanical stability is needed to aghsability on the sub-micron level:

e Stabilization of tunnel, cooling water temperature andtdid@3PM electronics (T. Schilcher) to
~ +0.1°and the experimental hall t& +1.0°.

(Invar (SPEAR3, SOLEIL), Carbon Fiber (ELETTRA) and/or nitonng of BPM positions
(ELETTRA, SOLEIL, DIAMOND, SLYS).

e Full energy injection and stabilization of the beam curters=0.1 % (“top-up” operation):

400.0 X Y T X | T ] ¥ I I T ! T b T T ¥ y
350.0 - Beam current [mA] from 25. May 2004 to 31. May 2004 =
300.0
250.0
200.0
150.0
100.0
50.0
0.0 1 L | i L | i L i L |

L CAS Intermediate Level 03/10/09

300(+1) mA top—-up @ SLS ~6 days
i A.LUdekg

e Minimization of thermal gradients by discrete photon abgos and water-cooled vacuum chambers.

e Mechanical decoupling of BPMs with bellows, stiff BPM supigowith low temperature coefficients

e Monitoring of girder positions (Hydrostatic Leveling Sgst, Horizontal Positioning System (SLS)).

Michael Bogem
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MEDIUM TERM STABILITY - Top-up | (SLS I
Top-up Operation ,\

I[mA]
........................... / 401

o

358 - 4 =25 4
_ 7 days of top-up operation _
£ s00 s “constant” beam current 12
5.1 s “constant” beam height .5
E & » Lifetime ~8 h for:
E 200 - 2o E - 400 mA
2 a - Coupling 0.13 %
5115-:1 = 15 % - Ey= 7 pmrad
ﬁ' 168 [ R i@

— Inject ~TmA
every 100sec

on
=
|

15-85-87 |
e@: B0: 08
16-85-87 |
Ba: B0: A6
17-85-87 |
Ba: A0 @0
18-88-87 |
B@: B0 A8
19-88.87 |
BE: B0 : A6
2a-88-87 [
P@:a0: @0
21-88-087 [
P@:00: A0

& CAS Intermediate Level 03/10/09 /
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MEDIUM TERM STABILITY - Top-up I I

e “Top-up” operation guarantees a constant electrnn

beam current and thus a constant heat loa ‘ —+ °
all accelerator components. It also removes . _\ 200 m LLL 2
current dependence of BPM readings undet o um LLH

condition that the bunch pattern is kept cons ** j;' L L

120 mA

(B. Kalantari)

e Horizontal mechanical offset 0.5 um
resolution) of a BPM located in an ¢

7>‘ ‘ top—up @ 200 mA

i—»| <+— decaying beam

beam current [mA]
=
o
S]

a
o
@

POMSH-02SE reading [ pm]

of the SLS storage ring with respect ! -
the adjacent quadrupole in the case O dump bear duméke;o
beam accumUIatIQYtOp-Up" @ 200 mA anc 05f05f2|’002l 65M5I;§EJZSH_EES%D€II§:]§2;[in;'%ﬂ]%;] IDS;'DSIEDDEI IDSJ'DEIEDUé USIDJ}E_[%DZE
deCaylng beam OperatICH'l 2.4 GeV. 06:00:00 06:00:00 12:00:00 15:00:00 18:00:00 21:00:00 00:00:00
— Accumulation and decaying beam operatiof: APS (1 %), SLS (0.3 %), (A. ideke, SPring-8
BPM movements of up to sm. (0.1 %) (H. Tanaka) are running “top-up” in user
operation.

— “Top-up” operation:no BPM movement dur-
ing “top-up” operation at 200 mAafter the e ALS (D. Robin) just got the permission.

thermal equilibrium is reached{(1.5 h). e DIAMOND, SOLEIL prepare for “top-up”.

L CAS Intermediate Level 03/10/09 J
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MEDIUM TERM STABILITY - Orbits in a Different Light - X-BPMs

blades

stray radiation from up- and
down-stream magnets bias
the reading of a Photon BPM

Photon BPM

. Undulator beam

Solution

change strength of up— and down-

stream dipoles (APS: 78->77 mrad)
add 2 extra magnets (APS: 1 mrad)
to account for the difference.

>

Upstream

dipole
L. Farvacque T

Stray radiation from upstream

0 Upstream X-ray BPM

dipole, quadrupoles, sextupoles blade sum vs. ID gap
and correctors 70
M ID photons f
Decker distortions at APS — 0| Unmodified Sector 11D |
Q.
£ Modified Sector 34-ID
< 50} —
£
A 40l
T
5
N 30} stray radiation
g reduction
8 20
m
a
10}
Stray radiation from down- ol B —
stream dipole, quadrupoles, 5 00 25 30 35 40 45 50
G. Decker sextupoles and correctors Insertion device gap (mm)
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SWISS LIGHT SOURCE ®™

Orbit Feedback & Stability SIS

N

MEDIUM TERM STABILITY - Calibration of an X-BPM (SLS

Change the references of DBPM1/2 —>—> stabilize XBPM1/2

Vertical asymmetrical 0.5 Orblt Bump T

bumps BPM before source point

—_ i "
5 nos H 3
Photon Monityrs (XBPMs) g - .‘1 .&

E o0 feses s

= S Y

Jou{ 1} iy

....... H '.' %

010 T T T T T T
600 oo &00 s0o0 1000 o0 time (s)

FOFB = EAst Orbit Feedback  +—100 um bump amplitud
reference

esponse of the blades 45

(well aligned monitor) XBPM ReSponse
40+
35 2
XBPM1+2 can measure position and % il
angle of the electron beam at the § 3
center of the insertion device (ID) ! 8 267
77777777777777777777777777777777 ° 20+
1.5 good
E.c[u rtln E!IZIIEI Ell;l] 1E1I:U 11::0 time (s)
Response of the blades e
(badly aligned monitor) as- = H120B_FE_HSPMI_S3raw

o
[=3
1
g
IUI
I
II'|'|
"
o n
2
EEE
J
ona
F]
2
woN

blade signal (V)
(53
(i
1

$

Synoptic view of the XBPM in
the control system

Courtesy: Elsa van Garderen

T T 1 T T T
1200 1300 1400 1500 1600 1700 time (s)

Alternative: Move the XBPM itself to calibrate the photon beam position reading, but: One reason: XBPM feedback !

Calibration using machine bumps is preferred to calibration using motors as it is a tool to detect alignments.
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(==L Orbit Feedback & Stability SiiaE

4 )

\ MEDIUM TERM STABILITY - Top-up lll (SLS I
e Change of the vertical BPM reference within the X-BPM feedkolmop for decaying beam operation
(0-4 h) and “Top-up” (Time constant for getting back to thatmquilibrium7=1.7 h):
380 T T T T T T T 0.005
| | current [mMA] ——
vertical reference ARIDI-BPM-03SB [mm] ————
| I S ] S T~l7h ,,,,,,,,,,,,,,,, i
S I 350 mA -
0 pHm £
S i L S = [ o A A e } 0
time constant 1=1.h 3
< 320 B R N S S S N ] %
£ 1-0.005 3
E R e A, —— g(:
3 300 ‘ A T | o g
0.15 pm/mA %
250 N |8 = B 1-001 §
| | — >
260 5 . : e e e
[ Ny e /f =15 um
240 |
0 2 4 6 8 10 12 14 16 18
time [h]
e Large &0.1um/mA) contribution originating from current dependencalmfital BPMs
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Orbit Feedback & Stability

SWISS LIGHT SOURCE ®™

SLS™

-

~0

10

0

-15

5_

-10 +

.5 um for frequencies up to 0.5 Hz.

MEDIUM TERM STABILITY - X-BPM & Bunch Pattern Feedback (SLS I

e The bunch pattern feedback maintains the bunch pattern@@¢hes 41 mA)) within <1 %

e The X-BPM feedbackglave stabilizes the photon beam (Example beam @6el X-BPM =<9 m from
source pointy19)) by means of changes in the reference orbit of the fast tebdback ihaster) to

e X-BPM feedbacks are operational @ the ID beam [#86510S(1 X-BPM=-angle only) and the
dipole beam linegDA,7DA (2 X-BPMs=-angle & position).

22/11/04

| L =
|

I I I : I top—:qu @ 3Sd+l mA
CEEIED | |
|
|

X-BPM reading [um]

m il

WAV A A A

| bunch pattern

restoration
RF-BPM reference [um] |
|

|
|
|
|
| ON

bunch pattern feedback OFF

[ L

NAAANAANAAAA TN

0
\ Time [h]
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=l Orbit Feedback & Stability SLS™

‘ MEDIUM TERM STABILITY - Feed Forward & X-BPM Feedback (SLS I

e The feed forward tables (here for the in-vacuum del@d) ensure a constant X-BPM reading for the
desired gap range (here 6.5-12 mm) within a fenv. The remaining distortion is left to the X-BPM

feedback
110 T T T T T T T 70
3 ‘ ‘ ‘ X-BPM X, X-BPM FB off, FF off
| _ X-BPM Y, X-BPM FB off, FF off
FF+X BPM FB off  %epm X, X-BPM FB off, FF on
3 g ; ; X-BPM Y, X-BPM FB off, FF on
| X-BP RRM
B
E €
= =
P >
— —
= =
o ‘ : ‘ o
i el e TR i —.=:: e !
& 4 %
© f FF+X BPM FB on g ©
x 70 A T o 430 X
FF+X BPI\/I FB off Sl
60 """""""" A o A o - 20
= : | ! ! !
50 i i i i i i i i i i 10

6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12

X06SA-ID-GAP:READ [mm] J
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Orbit Feedback & Stability

SWISS LIGHT SOURCE ®™

SLS™

PSDs on tune BPM (off-loop)

SHORT/MEDIUM TERM STABILITY

(SL9

Feed‘back on X-BPM @ U24

45 horimontal Jated vibration spect € . orbit ref. offset 055B —— 28
orizontal cumulated vibration spectrum = FOFB f bt orbit ref. offse o
4}{ - --- FOFB off Py e ———— o 3 3 changerg erence orbi h@%ﬁ%teﬁpérgﬁ% 1275
~ 3.5} — FOFBon o[L=—=_FOFBon | g £, (R st R 5
5 5} 427 o,
S u 1 g, UM Ly gl UHHW R TPIIVR
E 250 horizontal -- : S LS VA il 1L MU e
5_-1 g- ......................... ) - . § N ﬂ ﬂ ﬂ[" uwﬁﬂm ﬁﬁﬂ[ﬂ”ﬂ UHHHMW 2 g
E et = D T el U Tty | 255
© b o 4 g IT{'"' teedback F “f i
0.5kt 0 20 a0 g w0 w0 | g , without {illing pattern feedbac -
' A.'I_ o’ : 04/29/2004 04/29/2004 04/30/2004 04/30/2004 05/01/2004
O — 00:00:00 12:00:00 00:00:00 12:00:00 00:00:00
0 frequency [Hz] 150 fmen
1.4 1 vertical cumulated vibration spectrum g ! ‘”,b“ r(J:f. Of‘fse‘t 058 —— ‘27
LT FOFB off l ...................... wm FOFBoOff || . ol i 3 3 BPM rack O;gltl ;I.tgmspcérg?jz — ]
1.2 P wm FORBoff | 3 temperature - 26.5
— — FOFB on i 25/ == FOFBon £, p filing pattern feedback off — 5
N . o
1 e | . - 8 | 2.
N; ) :! “"E g 1 2 u m Wnﬂ“ﬂu“u‘# J’mﬁwﬂwu WLW U"“nﬁlrj" [ Wﬂnﬂ 2 de g
g 0.8F Vertlcal ......... Ir: ...................... 21_5 . % o H‘J - g
(_:_- 0_6 e I" ...................... S 4 Ijr . o _‘§ 4 Mmﬁ&ﬂu Hunﬂu o ‘i‘;‘\ . JWW g
E 0.4k G ost ] Y Ny % Al A B i T 25
© 02k ".‘ ................... Aﬁ ..................... o ?r_:gguency g 80 00 E’ B iIIing pafttern feedback s
ot e . W CUEE | WER By wsy
0 50 frequency [Hz] 100 150 time [h]
horizontal vertical
FOFB off on off on 1Hz X-BPM feedback changes the reference
1-100 Hz | 0.83 um - VB, | [0.38 um - VB, | 0.40 um - VB, | 0.27 um - VB, | | of BPMs adjacent to IDs within the FOFB loop
100-150 Hz | 0.08 pum - B, |[0.17 pm - VB, | 0.06 pm - VB, [0.11 pm -\B, | | in order to stabilize the photon beam position
1-150Hz | 0.83 um - VB, | |0.41 pm - VB, | 0.41 pm - B, [0.20um -B, | [ @t the X-BPMs —> cascaded feedback
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Orbit Feedback & Stability

SWISS LIGHT SOURCE ®™

SSE

~

L CAS Intermediate Level 03/10/09

BPM # (0-72)

0.8 T T T T T T T 0.4
May 2007 ——
07 | Change of BBA constants  aug2007 —— { o3
Oct 2007 ——
06 Over One yeal’ Jan 2008 —— { 0.2
s s s | s Apr 2008 ——
— I AU OO O O SO May 2008 4
= 0.5 | T y i 0.1
= 0.4 K ) ‘ 0
S
17 0.3 -0.1
c
S 0.2 -0.2
S . .
m
o 0.1 j -0.3
< ,
E=) 0 -0.4
S
v -0.1 H -0.5
L S B = 4 -0.6
i r BPM problems
s TTRU UM L Algnment or=E R 4-07
04 ! ! ! ! ! ! ! 08
0 9 18 27 36 45 54 63 72

‘ LONG TERM STABILITY - BBA Measurements over 1 YearnSLS I

-Horizontal BBA constant [mm]
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Orbit Feedback & Stability
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& CAS Intermediate Level 03/10/09

‘ LONG TERM STABILITY - Circumference | (SLS I

e Circumference change and outside temperature over 3 ye&itsSoperation (left plot)

e Fitted circumference change over 3 years of SLS operativnY circumferencex~ 2 mm) as a
function of the fittedbutside temperature(right plot)

outside temperature [°C]

20 +

-30

40 |

-50

T T T T T T T
outside temperature

A pathlength —— | _

- } * + Lk
- .
=1 | N ECE ™ e E X5
0702 Sy SRAT v
3 L T3 J
2 75 T 2 26.5°
1 1 1 1 1 I 1 | 1 1 1 I 1 1

10 18 26 34 42 50 58 66 74 82 90 98 106 114 122 130 138 146
week #/2002-4

A pathlength [mm]

A pathlength [mm]

-0.5

0.5

15

2.5

outside temperature [°C]

7 7 7 Circumference Change
01/2002 3 of the SLS Storage Ring

§ /l over 3 Years i

1 01/2003 S | .
; : 1 ‘ ) 07/2002

- 01/2004 \
| | >
| > 07/2004

-4 0 4 8 12 16 20 24

e Severe problems with the cooling capacity of the SLS durimghtot summer 2003 (#82)! Again
“scheduled” problems in 2004 (#130) due to the cooling sysiegrade!

~

%
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(=1 Orbit Feedback & Stability SI’Sg

‘ LONG TERM STABILITY - Circumference Il (SLS I

35 T T T T T T T T T T T T T
. + + + Tau =90 weeks ———
A pathlength( tunnel temperature -24.65°C)  + 3 ot -~ tunnel I T T
+ 1.2mMM/°C m— : { y
'E‘ H : H H : e TR f —
E 2 o,
g o
2 A 3
€ S 45 ©
E o ol
£ 8 T E
2 S 1 2
(7] 9 —
£ 3 5
& E o5 2
< 3 . 3
6 ..
0 |

30

20

10

] 0
L -10

05 0 0.5 1 15 > 55 a3 0 26 52 78 104 130 156 182 208 234 260 286 312 338
tunnel temperature -24.65 [°C] week number #/Mar_2002-May 2008

e Stabilization of thaunnel temperature to ~ +0.1°is needed to guarantee sub-micron movement (se
linear fit in left plot) !

e Change of the circumference over 6 years of SLS operatioatisating with an exponential time
constant ofr = 90 weeks and an asymptotic circumference change of 2.5 hmarcftange due to
installation of FEMTO chicane has been removed, see fit int pipt).

e
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SWISS LIGHT SOURCE ®™

== Orbit Feedback & Stability Sifs§
CONCLUSIONS & OUTLOOK j

e Short and medium term sub-micron orbit stability can be el in 3rd generation light sources.

e Fast orbit feedback systems and “top-up” operation are ikgseidients to reach this level of stability.

e The stability of beam line components apart from X-BPMs hatdoeen discussed.
But it is evident that the achieved stability needs to be maitained throughout the beam line. To
this end fast feedbacks on monochromators and other opticadlomponents have the potential to
improve the stability of the beam line optics considerably

e Future: Fast orbit feedbacks will have to control betatron coupliispersion by means of skew
guadrupoles if % or even sub-% beam size stability is redUigt.S: 36 skew quadrupoles in order to
make changes coupling transparent).

e Vision: High bandwidth orbit feedbacks and bunch-bunch feedbagki&ianerge into one system :-)

- 3 It’s}l long u;ay togo... - '::/'lf]
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